Background
Introduction
Anticoagulants are widely used in the treatment and prevention of many thromboembolic disorders [1] . Patients' knowledge of their medication and medical condition can affect treatment outcomes [2] , and this becomes more critical in patients prescribed oral anticoagulants due to the narrow therapeutic indices of this class of medication, and the potentially devastating sequelae of both therapeutic failure and over-anticoagulation [3] .
In the literature, attempts have been made to assess patient anticoagulation knowledge, and this has led to the development and use of a number of instruments in different settings. The earliest documented attempt to develop an instrument to evaluate patients' anticoagulation knowledge was by Taylor et al, in which a scale was developed based on information available in a district hospital guideline for managing patients taking warfarin [4] . More recent attempts by researchers have developed scales based on the use of patient educational material, review of the literature and expert opinion using either open ended or multiple choice questions [5] [6] [7] . These scales have been used in a number of studies to establish the relationship between anticoagulation knowledge and treatment outcomes, and have yielded mixed results. Two of these studies have reported an association between adequate anticoagulation knowledge and positive treatment outcomes, [6, 7] while the other two have reported no association [5, 8] . A major limitation of these studies, however, is that none of them have employed the use of an instrument which has been psychometrically validated.
To date, only the anticoagulant knowledge assessment (AKA) by Briggs et al [9] and the oral anticoagulant knowledge test (OAK) by Zeolla et al [10] have been developed and validated with regard to both content and construct validity. However, both OAK and AKA have been designed to assess knowledge regarding vitamin K antagonists (VKAs) and are not applicable to the direct acting oral anticoagulants (DOACs). With the recent introduction of the DOACs (dabigatran, apixaban, rivaroxaban and edoxaban) into clinical practice, there is need for a validated instrument to assess patients' knowledge of their anticoagulation therapy that applies to both the VKAs and the DOACs. The objective of this study was to develop and validate a knowledge instrument that can be used in assessing anticoagulation knowledge related to all the available oral anticoagulant medications.
Methods

Anticoagulation Knowledge Tool Development
We began by conducting a comprehensive review of the literature on patient anticoagulation knowledge, with additional information obtained from freely available patient educational material. The knowledge domain covered in the review of the literature included basic drug information, adverse drug effect, drug-drug interactions, drug monitoring and dietary issues. Similar information was then grouped to form a list of 56 items consisting of both open ended and multiple choice questions. The usefulness of each question in assessing anticoagulation knowledge was then discussed by the authors, after which the items were ranked on a scale of 1 to 5 (1 = strongly disagreed, 5 = strongly agreed) in terms of their relevance to anticoagulation knowledge. These rankings were used to eliminate irrelevant questions and create a 28-item draft instrument.
The items in the draft instrument were then discussed with 15 selected people from a nonmedical background to ensure clarity of the sentences, simplify wording and to identify ambiguous and misleading terms. Items in the draft instrument were reworded based on the feedback received.
Content Validity
Content validity refers to the degree to which a scale has an appropriate sample of items to represent the construct of interest [11] . To ensure content validity, the draft instrument was presented to 10 anticoagulation experts (8 pharmacists and 2 physicians) selected based on their work experience or research related to the use of oral anticoagulants. These experts were asked to rate the relevance of each item on the draft instrument on a four-point ordinal scale (1 = not relevant, 2 = somewhat relevant, 3 = quite relevant, 4 = highly relevant), and to suggest other items for the scale which may have been omitted. The content validity index for each item (I-CVI) and overall content validity of the scale (S-CVI) was then calculated using the method of Polit et al [11, 12] . In calculating the I-CVI, the rating scale was dichotomized, with ratings of '1' and '2' combined as not relevant, and ratings of '3'and '4' combined as being relevant, while the S-CVI was calculated by determining the average of all the I-CVI values. Further, I-CVI values were translated into values of a modified kappa index (k Ã ) so as to adjust for chance agreement among the experts participating in the content validity exercise. The modified kappa index was determined using the formula-k Ã = (I-CVI-pc)/ (1-pc), where pc refers to the probability of chance agreement among the experts and was computed using the formula for a binomial random variable, with one specific outcome (pc = [N! /A! (N-A)!] x 0.5^N; where 'N' = number of experts and 'A' = number of experts agreeing on relevance of an item).
The average S-CVI of the scale was 0.92 with I-CVIs ranging from 0.6-1 and k Ã ranging from 0.5-1 ( Table 1 ). The final instrument was divided into two sections-section 'A' and 'B', with section 'A' comprising general anticoagulation knowledge questions applicable to both the DOACs and VKAs, and section 'B' comprised of VKA-specific questions.
Pilot Study
In order to further ensure readability and comprehension, a pilot study was conducted in 13 participants (5 pharmacists, 3 patients and 5 members of the general public) representing the three groups to be compared. The results from the thirteen pilot studies participants were not included in the main study. Instructions on completing and returning the questionnaire were further revised based on the feedback obtained in the pilot study. The final instrument used in the study is available in S1 Appendix.
Validation Study
Adults (aged > 18 years) who were able to read and complete the questionnaire independently were recruited into the validation study. All the participants in the validation study were recruited from Tasmania, Australia. Subjects were recruited into three groups comprising of a pharmacist (expert) group, patient group and general public group. The pharmacist group was expected to serve as the positive control while the general public group was expected to serve as the negative control. Pharmacists were recruited from a total of 26 community and hospital pharmacies; patients currently prescribed oral anticoagulants were recruited from 14 community pharmacies; and participants from the general public group were recruited from 12 public places (e.g. parks, bus stops and shopping malls). Participants from the general public group were eligible to participate in the study if they were not health professionals, patients prescribed oral anticoagulants and did not have close relationships with patients taking oral anticoagulants. A study information sheet for the study was provided to participants in the three groups which stated that anticoagulants are also called blood thinners, specifically to assist participants in the general public group who may be less familiar with the term 'anticoagulant.' Also, written informed consent was obtained prior to participation. Participants in the pharmacist and general public group were required to assume that they were currently taking an oral For how long do you need to take this medicine (for example, 3 months, and 6 months, life-long)?
1.00 1.00 6 Why is it important to take this medicine exactly as your doctor has told you?
1.00 1.00 7
Is it acceptable to take this medicine at different times as long as you take it on the required days? pc (probability of a chance occurrence) was computed using the formula for a binomial random variable, with one specific outcome: anticoagulant and answer the questions in both sections of the survey, while participants in the patient group were asked to respond to the survey based on the oral anticoagulant they had been prescribed by their physician. Patients who were prescribed any of the DOACS were required to answer the questions in section 'A' only, while patients who had been prescribed VKAs were asked to answer the questions in both sections. Participants in the pharmacist group were given the option of completing the test online or by using a paper format, while the other two groups completed the test by using only the paper format. Participants who preferred to use the paper format had the option of completing the survey on the spot, or return it using a reply paid envelope. The study protocol was reviewed and approved by the Tasmanian Health and Medical Human Research Ethics Committee.
Validity and Reliability
Construct validity refers to the extent to which a measure adequately assesses the construct it purports to assess [13] . Construct validity was assessed using the contrasted group approach which involves identifying two or more groups of individuals who are expected to have different scores on the characteristics being measured by an instrument [13] . Using this approach, we hypothesised that the instrument would be sensitive to multiple levels of anticoagulation knowledge. Also, we expected the mean score of the pharmacist (expert) group to be higher than the mean patient group score, and the mean score of the patient group to be higher than that of the general public group. Two reliability tests were conducted: test-retest reliability and internal consistency reliability. In order to ensure the instrument's stability, a re-test was conducted at approximately 2-3 month after the initial test administration, a time period considered sufficient to reduce the impact of recall. All the participants in the pharmacist and patient group were eligible for retest, with 32 participants in the patient group and 22 in the pharmacist group participating in the second test. Internal consistency reliability was also conducted across the three groups to ensure the inter-relatedness of the items in the instrument.
Scoring
Scoring was done use a dichotomous scale, with a score of '1' or '0' for each correct answer or wrong answer, respectively. A maximum score of '1' was allocated to each correct answer for all of the questions with the exception of item '6', '18' and '19' in section 'A' and item '6b' in section 'B'. A maximum score of '2' was obtainable for item '6' in section 'A'-('Why is it important to take this medicine exactly as your doctor has told you?') -1 mark each was allotted for answers related to the prevention of thromboembolism and answers related to minimising the risk of bleeding. For items '18' and '19'-('three signs of side effects you should watch out for' and 'three things you can do to reduce your risk of side effect', respectively) -1 mark each was allotted for each correct sign of side effects to look out for and each correct approach to reduce the risk of bleeding. Lastly, for item '6b' in section 'B' ('list three foods that can affect your anticoagulant therapy') -1 mark each was allotted for three correct food substances mentioned. A maximum total score of '25' was obtainable for patients taking the DOACs required to answer only section 'A' of the questionnaire, while a maximum total score of '35' was obtainable for patients taking the VKAs (warfarin) required to answer both sections of the questionnaire. Final scores were presented as a percentage of correct answers for all the participants in the study.
Statistical Analysis
Analysis of variance (ANOVA) was used in comparing the mean scores between the pharmacist, patient and general public groups, with p<0.05 considered statistically significant.
Pearson's correlation was used in determining the correlation between the test and re-test scores for the pharmacist and patient groups, and a values between 0 and 0.49 were considered as 'very low' to 'low' correlation, while values between 0.5 and 1.0 were considered as 'moderate' to 'very strong' correlation. Cronbach's alpha score was used in determining internal consistency reliability and across the three groups, with a score of 0.7 or greater considered acceptable [14] . Lastly, the relative difficulty of each item and the instrument's ability to discriminate between groups was also analysed by determining the differences in the percentages of items correctly answered across the three groups. Statistical analysis was conducted using SPSS Version 22.0.
Results
One hundred and forty-four participants, comprising 44 pharmacists, 50 patients and 50 members of the general public, participated in the validation study. Four surveys from the general public group were excluded from the analysis due to participants being either health professionals or having experience with the use of oral anticoagulants; one survey from the patient group was excluded from the final analysis because the patient was not taking an oral anticoagulant at the time of the study. Overall, the results of 139 participants were included in the analysis ( Table 2) .
The mean score for the pharmacist (expert) group was significantly higher than that of the patient group, and the patient group's mean score was significantly higher than the general public group's (p<0.001; Table 3 ). No statistically significant difference in score was observed between patients taking the VKAs and the DOACS (p>0.05). For internal consistency reliability, a value of 0.92 was obtained in the general public group, 0.71 in the patient group for the general anticoagulation questions and 0.87 for participants taking warfarin required to answer both sections 'A' and 'B', and 0.73 in the pharmacist group (Table 4) . Test-retest reliability was confirmed with a Pearson's correlation of 0.79 and 0.72 in the patient and pharmacist groups, respectively (Table 4) . For the item analysis, item difficulty ranged from 0-100% across the three groups. The questions with the largest differences are listed in Table 5 . Analysis of the patient group showed that patients taking the DOACs were less likely to view skipping a dose of prescribed oral anticoagulant as a problem compared to patients taking warfarin (p< 0.05).
Neither the type of oral anticoagulant (warfarin or DOAC), nor the duration of anticoagulation therapy were associated with a significant difference in test score. Although this study was not designed to assess the differences in test scores based on educational level, analysis of the general public group indicated that high school education or less was significantly associated with lower performance (p< 0.01). No other differences were observed based on any other demographic characteristics across the three groups.
Discussion
We have described the development and validation of the Anticoagulation Knowledge Tool (AKT)-an instrument that allows for differences in anticoagulation knowledge to be measured that is applicable to patients taking both the VKAs and DOACs. The AKT is a 20-item knowledge questionnaire with eight additional questions for people taking VKAs (warfarin). Participants in the study were able to complete the survey independently, following written instructions, suggesting that the survey can be self-administered in routine clinical practice like existing tools such as the OAK and AKA. However, unlike the OAK and AKA, our AKT incorporates both open ended and multiple choice questions, as surveys with only multiple choice Table 5 . Individual Item Analysis of Questions with Significant Variation Between Groups.
Item General public (%) Patient (%) Pharmacist (%)
Why has your doctor prescribed you this medicine? 7.9 89.6 100
How does this medicine work in your body? 10.5 70.8 100
How many times a day do you need to take this medicine? 10.5 91.7 100
For how long do you need to take this medicine (for example, 3 months, and 6 months, life-long)? 10.5 91.7 100
Is it appropriate to stop taking this medicine once you feel better? 47.4 100 100
Is there any benefit in taking more of this medicine than your doctor has told you to take? 47. questions have the disadvantage of providing clues to the correct answers and increasing patients' total score [15] . Participants who completed the survey on the spot spent between 10-15 minutes, while the length of time for participants who prefer to use the reply paid envelope option could not be ascertained. This suggest that the questionnaire can be completed in a relatively short period of time.
The method used in this study is consistent with recent consensus for the development and validation of new instruments. For content validity, a number of methods have been proposed for the content validation of new instruments including the T index (Tinsley & Weiss, 1975) ; Content validity ratio 'CVR' (Lawshe, 1975) ; rWG index (James et al, 1984) ; CVI (Lynn, 1986) and r Ã WG index (Lindell et al, 1999 ) [16] [17] [18] [19] [20] . The CVI was used in this study as it has the advantages of being easy to compute, easy to understand, focusing on both agreement of relevance among experts and consensus (proportion in agreement) rather than consistency (extent to which experts are consistent in their application of the rating scale), and providing both item and scale level information [11, 19, 21] . The S-CVI value of 0.92 obtained is above the recommended standard of 0.8 for new scales. Furthermore, the majority of items had a modified kappa statistic that corresponded to either the 'good' or 'excellent' rating; only one item had 'fair' rating of 0.5. This suggests that agreement on relevance of each question was not due to chance and, overall, items were highly representative of the underlying construct. For construct validity, the result of the one-way ANOVA with post-hoc analysis showed a statistically significant difference across the three groups. This result is in agreement with the underlying principle for the group comparison method for construct validity of a new instrument [13] , and it therefore follows that the instrument may be useful in distinguishing between different levels of anticoagulation knowledge. The significant variation observed with some items after the individual item analysis further supports the difference in knowledge across the three groups. This may imply that these items would be useful in routine clinical practice as a quick approach in identifying patients with low levels of anticoagulation knowledge. The internal consistency and test-retest reliability coefficients were also acceptable. For the internal consistency reliability analysis, values of > 0.70 obtained across the three groups suggest that the items in the test are interrelated and of a reasonable length, and also measuring the same construct [14] . Further, the result of the test-retest reliability showed correlation coefficients of 0.78 and 0.72 in the patient and pharmacist group, respectively. There has been some debate on the acceptable level for testretest reliability due to varying statistical techniques, however, a recent systematic review considered a minimum reliability threshold of 0.7 as being adequate [22] . This suggests that the scale is expected to provide consistent scores over time in a stable population.
Participants in the patient group in the validation study scored a mean score of 62% on the AKT. This result is similar to those reported in prior studies. A mean score of 64% was recorded by Winans et al in inpatients new to warfarin therapy [23] , while Tang et al reported a mean score of 48% in patients attending an anticoagulation clinic for at least 2 months [7] . Similarly, Davis et al and Hu et al have also reported that less than 40% of patients in routine clinical practice have adequate anticoagulation knowledge [5, 24] . These results suggest that there remains a significant gap in patient anticoagulation knowledge in contemporary practice, and further investigation in a larger cross-section of people taking oral anticoagulants is warranted.
Another important observation in the patient group is that participants taking the DOACs were less likely to view skipping a dose of their medication as a problem compare to participants taking warfarin. This is a critical knowledge gap because the DOACs have shorter halflives compare to warfarin, and non-adherence to therapy even for a short period can result in loss of clinical effect and expose patients to significant risk [25] . This suggests that significant attention should be given to the concept of medication adherence when designing and implementing an educational intervention in patients prescribed the DOACs.
Limitations
Among participants in the general public group, about 70% had formal education beyond high school level, including 28% with a post-graduate qualification. The high literacy level of this group may not be truly representative of the general public. However, the average score of this group was still significantly lower than both the patient and pharmacist groups. Also, participants in the three groups were not aged matched, and it is not known if a higher median age in the general public group would have given a higher result. All the participants in the survey were given the opportunity of either completing the survey immediately upon receipt or returning it using a reply paid envelope; we cannot rule out the possibility that some participants might have accessed additional resources despite being encouraged not to do so in the survey instructions. This may have increased the overall score in the survey. The relatively high score in the patient group may be as a result of the recruitment of confident and enthusiastic patients who have had or are undergoing some form of educational training on the use of oral anticoagulant medication, and may not necessary reflect the broader anticoagulant-medication taking population. For the test-retest reliability, not all the participants who completed the first test participated in the second test, and the impact of this on the test-retest reliability coefficient remains unknown. Lastly, the study was conducted in a single region, and the instrument may need to be validated in other regions globally.
Conclusion
To the best of our knowledge, the AKT is the first validated instrument that can be employed in assessing anticoagulation knowledge of patients taking either the VKAs or the DOACs. It appears to be a valid and reliable instrument in assessing different levels of anticoagulation knowledge. Therefore, it could be useful in routine clinical practice for determining gaps in patients' anticoagulation knowledge, measuring changes in anticoagulation knowledge over a period of time or in response to educational interventions, and in clinical research for determining the association between anticoagulation knowledge and health related outcomes.
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